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higher than the temperature of absorption in PCC processes. Therefore, additional cooling systems and 
equipment are required to cool flue gases down to lower temperatures for the PCC processes. This 
cooling load adds to the cost, water consumption and energy consumption of PCC processes. 
Peeters et al. have evaluated the capital cost and energy penalty for the additional cooling system and 
pumps in a natural gas-fired power station. The contributions to capital cost and energy penalty are 3% 
and 10%, respectively. [5] Fisher et al. have also found the cost of the additional cooling system and 
pumps in a coal-fired power station is about 4% of total equipment cost. The energy penalty to maintain 
the cooling system is about 10% of total energy consumption. [6] Clearly, absorbents which can absorb 
CO2 above 313K and as close to flue gas temperature as possible, constitute a technological break-
through with a high potential for a more economic and energy efficient capture process. In addition, the 
mass transfer between flue gases and absorbents could be faster at high temperature due to the lower 
viscosity and faster reaction kinetics under high temperature conditions.  
Most commercial absorbents are amine-based solvents. The solvents are not suitable to absorb CO2 at 
high temperatures (>333K) due to absorbent volatility and thermal degradation. [7] Recently, researchers 
have found that functionalized ionic liquids (ILs) can maintain their CO2 solubility at high temperature. 
Wang et al. [8] have found the mixture of IL and superbases can absorb CO2 at temperature up to 353K. 
A new type of polyamine based IL can absorb CO2 at temperatures between 383 and 403K. [9] However, 
to reach the maximum CO2 capacity in the ionic liquids, it requires at least 30 minutes of contact time 
between gas and liquid. The absorption rate of the ionic liquids is much slower than amine solutions. In 
addition, the cost of ILs is currently much greater than amine solutions due to the complex synthesis 
procedure.  These issues mean that in the near term ILs might not be practically useful as an absorbent.  
Amino acid salts have been widely used as absorbents in the field of CO2 capture due to their low 
volatility and resistance to oxygen degradation in the absorption process. [10-15] Van Holst et al. have 
investigated the apparent rate constants for several amino acid salts at 298K to find suitable absorbents 
for CO2 capture. They found the amino acid solutions such as glycinate, prolinate, sarcosinate and taurate 
exhibit relatively high reaction rate constants as compared to MEA solution. [12] Kumar et al. have 
measured the solubility of CO2 in taurate solution at 298K and 313K for a range of CO2 partial pressure 
from 0.1 to 6kPa. The kinetics of CO2 absorption in taurate solution has also been investigated over a 
range of temperatures between 285K and 305K by using a stirred cell reactor. [11,15] However, their 
studies have only investigated the properties of amino acid salts at temperatures ranging from 283K to 
333K. So far, there are very few studies using amino acid salts to absorb CO2 at high temperatures. It has 
been noticed that higher energy consumption can be required for CO2 capture at high temperature. 
Although CO2 absorption at high temperatures could result in the increase of reboiler heat duty, the 
capital cost of flue gases cooling systems and the saving from in terms of space for the system also need 
to be considered. This study focused on the performance of CO2 capture at temperatures between 323K 
and 373K by using potassium taurate solutions (2M ~ 6M). Taurate solutions were chosen due to their 
relatively low cost, low volatility and thermal stability at high temperature. The physical properties of 
taurate solutions such as density and viscosity have also been measured in the study.  
2. Methodology 
2.1 Density and Viscosity measurements 
Taurine (  90%) and potassium hydroxide (  90%) were purchased from Sigma-Aldrich and were used 
directly without further purification. Densities of unloaded and loaded taurate solutions were measured 
using a density meter (DMA 38, Anton Paar) at temperatures between 298K and 313K with an error of 
±0.001 g cm-3. A traditional method measuring the mass and the volume of the solution was used to 
determine the densities of the taurate solutions at temperature above 313K due to the limit of the density 
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meter. The traditional method was carried out by filling the taurate solutions in a volumetric flask (Pyrex) 
and weighting the mass of the solution using a balance (GR 300, A&D Weighing). The volume of the 
volumetric flask had been calibrated at temperatures from 313K to 353K using deionized water. The 
expanded volume at different temperatures was calculated by using the mass of water in the flask divided 
by the density of water obtained from Perry’s handbook [16] Dynamic viscosities of the taurate solutions 
were measured using a viscometer (AMVn, Anton Paar) at temperatures between 298K and 353K with a 
specified repeatability <0.1%. The integrated temperature of the measurements is specified with a 
resolution of ±0.01K and the accuracy is ± 0.05K.  
2.2 Wetted-Wall Column 
The wetted-wall column consists of a stainless steel column with effective length 8.21cm and diameter 
1.27cm. Liquid stored in a reservoir was pumped up the inside of the column, through boreholes at the 
top, and then flowed down the outer surface of the column. This created a thin liquid film flowing down 
the column surface. Once the liquid flow reached the base of the column, it was returned to the reservoir 
to form a closed loop. The column was located within a glass jacket cover with an internal diameter of 
2.2cm and an external diameter of 4.8cm. Water was circulated between the glass jacket and a water bath 
to maintain a constant temperature for the entire system. The gas stream was a mixture of CO2 and N2. 
The proportion of each gas was controlled by Bronkhorst mass flow controllers to mimic typical CO2
concentrations found in different sections of an absorption column.  
The mixture was first passed though a stainless steel coil immersed in a water bath and then introduced to 
a saturator, also immersed in the water bath, which contained a fritted bubbler under 23cm of water. The 
gas flow then entered at the base of the internal chamber of the glass jacket and moved upwards, 
contacting the liquid film on the column surface in a counter-current fashion, and was exhausted from the 
top of the glass jacket. The gas and liquid flow rates were maintained at 3L/min and 121.4 ml/min, 
respectively.  The amount of CO2 absorbed from the gas phase into the liquid phase was determined by 
measuring the CO2 content of the gas entering and exiting the column. This information combined with 
surface area of contact between the liquid film and the gas allowed to determination of the CO2
absorption flux, (mmol s-1 m-2). The overall mass transfer coefficient KG (mmol s
-1 m-2 kPa-1) was 
then determined via the equation below, 
      (1) 
where  (kPa) is the logarithmic mean of the CO2 inlet and outlet partial pressure and  (kPa) is the 
equilibrium CO2 partial pressure. A plot of versus  yields a straight line with a slope equal to 
KG. A more detail description of the experimental setup and procedure has been reported by Puxty et al. 
[17] The KG of 2M, 4M and 6M taurate solutions were determined. For each solution the CO2 loading 
(mole CO2/ mole taurate) was varied over the values 0, 0.1, 0.2 and 0.3. The equilibrium CO2 partial 
pressure of the CO2 loaded solutions was determined using the stirred cell reactor as described below. 
2.3 Stirred cell reactor 
A stirred cell reactor was used to investigate the solubility of CO2 in taurate solution. The reactor (Parr 
model 5104) is a closed system containing both gas and liquid phase. The temperature of the reactor was 
maintained by water circulated between the glass jacket surrounding the reactor content and a water bath. 
Once loaded with liquid the reactor was purged with nitrogen at atmospheric pressure before starting the 
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experiment. CO2 was injected from a CO2 reservoir suspended from a balance into the reactor. Following 
injection the pressure in the reactor increased and then decreased as CO2 was absorbed into the liquid 
phase. The variation of pressure was monitored until the pressure reached an equilibrium value. The 
liquid phase was stirred by a Teflon coated stainless steel stirrer.  
The amount of CO2 in the liquid phase was determined by the equation below, 
 (2) 
where the is the total moles of CO2 injected into the reactor, is the moles of CO2 in the gas phase 
and is the moles of CO2 in the liquid phase.  was determined by measuring the mass loss of the 
CO2 reservoir.  was determined by the compressibility factor (Z) below [20], the CO2 partial pressure 
(determined from the difference between the initial and final pressure), and the gas volume as per the 
equation below, 
Z=PVm/RT (3) 
where the P is equilibrium pressure, R is the gas constant and Vm is the molar volume in the gas phase. 
Vm can be obtained by subtracting the liquid volume from the total reactor volume. It should be noted that 
the total reactor volume includes the reactor, inserts, valves and tubing. To determine the total reactor 
volume, a calibration was carried out where five known amounts of CO2 were injected into the empty 
reactor. Using the measured pressures and temperatures, and known compressibility factor taken from 
Perry’s Handbook, the volume was determined by using equation 3. A more detail description of the 
stirred cell setup and experimental process has been reported by Puxty et al. [18] 
3. Results and discussion 
3.1 Density and viscosity 
Figure 1 shows the densities of 30% MEA solution and taurate solutions with concentrations from 2M to 
6M at temperatures between 353K and 323K. It can be seen that the densities of the taurate solutions is in 
the range between 1.1 and 1.4 g cm-3while the densities of 30% MEA is in the range from  0.98 to 1.01 
g cm-3. The densities of the taurate solutions increased with increasing taurate concentrations. The 
densities of the taurate solutions decreased as temperature increased due to the volume expansion of the 
solution.  
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Figure 1. Densities of taurate solutions and 30% MEA at 
temperatures between 298K and 353K.
Figure 2. Viscosities of taurate solutions and 30% MEA at 
temperatures between 291K and 353K.
The viscosities of taurate solutions have also been determined in this study. An absorbent with lower 
viscosity can result in less interfacial mass-transfer resistance between gas and liquid phases. It means the 
diffusion coefficient of CO2 in the liquid phase can be increased, thereby increasing the CO2 absorption 
rate. Figure 2 shows plots of viscosities ( ) of 30% MEA and taurate solutions on a log scale against 1/T. 
The effect of temperature on viscosities of MEA and taurate solutions can be described by the Arrhenius 
relationship (Eq. 4),  
= Aexp(B/RT) (4) 
where  is the viscosity (mPa s), A (mPa s) and B (kJ/mole) are constants for the given liquid and R is the 
gas constant (8.3144 J/mol K).  The viscosities of 2M taurate solutions were lower than 30% MEA and 
the viscosities of 4M taurate solutions were similar to 30% MEA at temperatures between 293 and 353K. 
This indicates that the diffusion coefficient of CO2 in the taurate solutions will be larger or similar to 30% 
MEA solution. Thus the liquid side mass-transfer resistance in taurate solutions at higher temperatures 
could be smaller than in 30% MEA solution at 313K. [19]  
It has also been found that the viscosities of taurate solutions remain constant after loading with CO2
whereas the viscosity of CO2 loaded 30% MEA solution was increased. It is believed that the increase of 
viscosity in the CO2 loaded 30% MEA solution resulted from the increasing ionic concentration and the 
increasing strength of electrostatic interaction. In amino acid salt solutions, the interaction between CO2
and amino acid was dominated by hydrogen bonds. [20] Due to the complex crystal structures in amino 
acid salts, the hydrogen bonds were short and thus lead a stable viscosity in the solutions. The 
characteristic of stable viscosity can be considered as an advantage of taurate solutions for CO2 capture as 
the diffusion coefficient of CO2 in the solutions is maintained constantly in the entire process. 
3.2 CO2 solubility 
CO2 solubility in taurate solutions was investigated by using stirred cell reactor. Figure 3 shows the CO2
solubility in taurate solutions at 333K. At a given CO2/taurate ratio, the CO2 partial pressure increased 
with deceasing concentration. This is because less free taurate molecules were available to react with CO2
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at lower concentration of taurate solution and thus resulted in a higher CO2 partial pressure in the gas 
phase i.e. lower CO2 solubility.  
Figure 4 shows the CO2 solubility in 4M and 6M taurate solutions at temperatures between 333K and 
373K. The CO2 solubility in the taurate solutions decreased with increasing temperature. A similar trend 
can be also found in another amino acid salt, glycinate solution. Portugal et al. have reported that the CO2
solubility in 1M potassium glycinate significantly reduced when the absorption temperature increased 
from 293K to 323K. [21] However, the CO2 solubility increased with increasing taurate concentration, 
indicating a high concentration of taurate could be used for high temperature absorption.  
Figure 3. The solubility of CO2 in taurate solutions at 333K. Figure 4. The solubility of CO2 in 2M and 4M taurate 
solutions at 333K, 353K and 373K. 
The correlation between CO2 solubility and absorbent concentration in taurate solution is different from 
in MEA solution. Lee et al. have found that the CO2 solubility reduced with increasing MEA 
concentration. [22] As shown in Figure 5, the CO2 solubility in terms of CO2/amine in MEA solutions 
decreased with increasing of MEA concentration at 373K. The decreases of the CO2 solubility in MEA 
solution at high temperature can be resulted from the desorption of MEA solution. The results in this 
study show the superior CO2 solubility in taurate solution at high temperature as comparing to MEA and 
glycinate solutions. 
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Figure 5. The solubility of CO2 in taurate and in MEA solutions 
at 373K. 
Figure 6. Overall mass transfer coefficient (KG) in taurate 
solutions at temperatures range from 323K to 353K and in 5M 
MEA solution at 313K and 333K. 
3.3 Overall mass transfer coefficient (KG) 
Figure 6 shows the overall mass transfer coefficient (KG) of taurate solution (2-6M) at temperatures from 
323K to 353K. KG is plotted against the equilibrium CO2 partial pressure as determined from the CO2
solubility data. As a comparison, the KG in 7m MEA (~5M MEA) solution at 313 and 333K determined 
by Dugas et al. is also shown in Figure 6. [23] 
3.3.1 Effect of taurate concentration on overall mass transfer coefficient KG
Figure 6 shows the overall mass transfer coefficient (KG) in taurate solutions has been affected by the 
concentration of taurate. The value of KG increases with increasing taurate concentration as more 
unreacted taurate ions are available to react with CO2. Also, as would be expected, it was found that the 
KG values decreased with increasing CO2 loading. As it was determined that the viscosity of taurate 
solutions was unaffected by CO2 content, the decrease in KG must be primarily due to the reduced 
availability of unreacted taurate. The decrease of KG was more significant in 6M taurate solution than in 
the 2M and 4M solutions at the same temperature. In high concentration taurate solution, more protonated 
taurate can be produced and the unstable protonated form can be precipitated in the solution. Although the 
precipitation was not visually observed during the experiments, the KG in the high concentration taurate 
solution can be affected by the unstable protonated form.  
3.3.2 Effect of absorption temperature on overall mass transfer coefficient KG
The KG values in 2M and 4M taurate solutions were measured at absorption temperatures from 323K to 
353K. As protonated taurate can be easily precipitated in high concentration taurate solution at low 
temperature, the KG values in 6M taurate solution was thus measured from 333K to 353K. It can be seen 
that the KG values in the taurate solutions increased with increasing absorption temperature. It has been 
found that the KG values in the CO2 free 2-6M taurate solution at temperatures above 323K are similar in 
magnitude to the KG of 5M MEA at 313K which is about 2.8 mmol s
-1 m-2 kPa-1. Although the KG values 
decreased with increased CO2 loading, the KG values of taurate solutions at temperatures above 323K are 
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still comparable to CO2 loaded 5M MEA solution at 313K. The taurate solutions show superior CO2
absorption kinetics at higher temperatures.  
4. Conclusion 
The physical thermodynamic and kinetic properties of taurate solutions have been investigated for their 
application in the field of PCC. It has been observed that the density of taurate solutions is higher than 
30% MEA solution. The viscosities of 4M taurate solutions are similar to 30% MEA solution over the 
temperature range 293K and 353K.  It has been found that the CO2 solubility of taurate solutions can be 
increased by increasing the concentration of taurate. The CO2 solubility of taurate solutions is comparable 
to that of alkanolamines at high temperature. It has been found that KG increased with an increase of 
taurate concentration and absorption temperature. The KG values in CO2 free taurate solutions at 
temperatures above 323 K are similar in magnitude to the KG of 5M MEA at 313K. The KG values in CO2
loaded taurate solutions at temperatures from 323K to 353K are higher than the KG values in CO2 loaded 
5M MEA at 313 and 323K. In summary, the study has shown the superior CO2 solubility and the kinetics 
of CO2 absorption in taurate solutions at high temperatures up to 353K. More studies will be focused on 
its application in a pilot plant scale.   
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